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INTRODUCTION

A wide range of scientific and applied tasks can be solved by means of small and micro
spacecraft. This trend is now being realized in TechSat21 program. If spacecraft mass is 100 kg then
propulsion system should have a mass of ~ 10 kg and a power of about 100 W. For this purpose
electric thrusters of various types can be used. The use of small stationary plasma thruster (SPT) is

promising. Demonstration test results of such a thruster are adduced in this report.

After the first stage of the demonstration test [2] the anode unit, cathode unit and flow control
unit were assembled as a monoblock unit — a small SPT. The purpose of testing was to check the small

SPT for compliance with the 1590p project requirements:

- full power - 100 W;
- anode efficiency (without taking into account the cathode flow rate) > 20%;

- specific impulse (without taking into account the cathode flow rate) >800 s.

s
>

STRUCTURE DESCRIPTION
Overall and mounting dimensions of the small SPT are shown in Fig. 1.The thruster unit consists
of the SPT-25 anode unit, the BNK-0.5 heaterless cathode, the FCU-0.5 flow control unit and a
common plate. Mass of the thruster unit is 740g. General view of the small SPT laboratory model is
shown in Fig. 2.
Electropneumatic circuit diagram of the test is shown in Fig. 3. To initiate the discharge in the

heaterless cathode the ignition unit laboratory model was used.

TEST RESULTS

Fig. 4 shows the view of operating thruster.
The volt-ampere characteristic at the 3 levels of flow rate are adduced in Table 1.Operating time

at final test was 9 h.
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List of parameters adduced in Table 1: Ud - discharge voltage; Id- discharge current; F- thrust;
~Ud - discharge voltage oscillation; Ic - magnetic coil current; Uc - coil voltage; Prcy - pressure at the
FCU inlet; Itt - thermothrottle current; Utt - thermothrottle voltage; Ucg - cathode-to-ground voltage;
G — total Xenon flow rate; Pv - pressure in the vacuum chamber (by air); Na - anode unit power; Nu -
total power of the SPT unit; Ispa - specific impulse without taking into account the cathode flow rate ;
Ispu - specific impulse; Efa - thruster efficiency; Efu - total efficiency of the thruster unit.

Ispa, Ispu Efa, Efu, Na and Nu parameters were calculated in accordance with the equations

adduced in the report [2]. Main parameters have agreed with ones obtained previously.

CONCLUSION

1. The scheduled work has been executed in full.
2. Small SPT parameters comply with the requirements specified.
3. An ignition unit is supplied as part of small SPT. The small SPT is prepared for demonstration

test at Customer's facilities.
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Technical report. (Project 1590p)
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Fig. 2 Small SPT general view
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Fig. 4 View of operating thruster
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The aforementioned ISTC project is completed. The consolidated Cost Statement has been audited and the
overhead payment has been released. Please find enclosed a copy of:

1. Summary of the Final Project Report;
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- Cathode;

The main results of the project can be summarized as follows:
1) A small SPT(stationary plasma thruster) demo model was developed, manufactured and tested.
2) The small SPT demo model consists of:

- SPT-25 laboratory model of the thruster;

- Flow control unit (FCU).
3) Each part of the small SPT demo model has successfully undergone autonomous tests and the
declared performance level has been confirmed.
4) The assembled small SPT demo model has undergone demonstration tests and showed
compliance with specified requirements, as follows:
- thrust efficiency 1,>0.2, calculated without cathode mass flow rate;
- specific impulse (800-1000)s, calculated without cathode mass flow rate;
- power ~100W.
5) The small SPT demo model was delivered to the Partner for demonstration tests.
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IV. Partnership with Forcign Institutes.

This is a partner project.

V. Technology Implementation Plan,

This is a partner project.

Overhead payment has been made in accordance with the results of the final audit.

In total $990.39 was spent on materials

I. On-site monitoring was performed at the Experimental Design Bureau Fakel. No major deviations
from the Work Plan or ISTC project management regulations were identified.

/
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S. Kdfabashev ¥ S{ Zgkov
Senior Project Manager Deputy Executive Director
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FINAL FINANCIAL REPORT BY AUDIT.
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Adjustments
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(1) (2)

GRANT PAYMENTS
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Category - IV
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Equipment:
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Non-Capital Equipment

Leased Equipment

Maint & Repair

- Including VAT
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MATERIALS

Materials
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Supplies

Safety Devices

Other

Including VAT

Total Materials
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1:0.00] ~ 0.00

BANK FEES
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3.36 141.35

0.01 585

OTHER DIRECT COSTS

Technological Energy

Reports/Publishing

Communications

Admin. Supplies

Other

Including VAT

Total ODC

TRAVEL\PER DIEM

Local-Russia-CIS

429.60
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3.06

Outside CIS

Total Travel & Per Diem
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432.66
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7

Exchange rates gains\losses

-7.65 6.31

-10.72 6.31

307 0.00

Overhead

0.00
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TOTAL
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0.00 744.51
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GRANDTOTAL
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ISTC Auditor
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Attachment 2

Institute CDB Fakel, Kaliningrad
Project 1590

FINAL FINANCIAL REPORT BY AUDIT. RESIDUALS

Reporting period: November, 01, 1999 - April, 30, 2000 QR

Cost Category Budget TOTAL Accumutated Cost Funds Residuals

(1) (2) (1) (2) %)) (2)

1 GRANT PAYMENTS
Category - | 21,500.00 21,500.00 0.00
Category - |l 9,000.00 9,400.00 -400.00
Category - il
Category - IV 720.00 920.00 -200.00
Total Grant Payments 31,220.00 31,820.00 -600.00
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Including VAT
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2 Supplies

3 Safety Devices

4 Other
Including VAT
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4 BANK FEES 4.50 157.50 3.36 141.35 1.14 16.15
5 OTHER DIRECT COSTS
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4 Admin. Supplies

5 Other
Including VAT
Total ODC 500.00 0.00 500.00
6 TRAVEL\PER DIEM
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7 Exchange rates gains\losses -10.72 6.31 10.72 -6.31
s Overhead 0.00 738.66 . -738.66
TOTAL 904.50| 32,377.50 895.34| 33,696.71 9.16] -1,319.21

TOTAL VAT INCLUDED

GRANDTOTAL 33,282.00 34,592.05 -1,310.05

Remarks: * (1) - Cash flow through Recipient Account

**(2) - Cash flow through ISTC

ISTC Auditor ]é :&q Wf OLL[

Timur Timerbaev




Haimmenosaune Padoucit - Bymark ‘ PACUET CYMMBI HAKJAJZHBIX PACXOIIOB_ K BblﬂJIATE ‘

[Mposepky NpoBOAILT: Tmlcpo.lcn T.®.

Tara: - 22 mons 2()00 r

[pockr 1590 P
ety T OKbB "®aken", rop. Kanuunnrpan QR
Cyanvia b @apama |G e Kossdeimapua

Bcero npoirsseacuo sartpar (1) 895.34 k
Bruowan:  CYMMY HAKAAORNN PACXOO06 6 CYMAME S
T30.00 + ocmamox na cucme § 8.66 (cM. parvacHenun

Bcero npon3BeaCHO JaTpat  (2) 33.696.71 1 nince)

Hroro PAKTUUYECKHUX npsimbIxX 30TPaT 100

IPOCKTY 34.592.05{ m=k+l

HUroro NJIAHOBBIX nmpsiMpIx 3aTpat no

IPOCKTY 32.562.00 n

Q611231 CTOMMOCTb MPOEKTA 35.000.00

3arparsl (1) moATCKAIHE KOMICHCALHH 0.00 t
OcCTaToK CPeJCTB HA CUETE 0.00 d
Hauucaeunsic Haknanasie 0.00 u=0-m

Haxnaaunie pacxoanbi + KoMUIeHCAU S Mo
NPSIMBIM 3ATPATAM K BbIILIATE

JABULT, 11

TT1aHOBBIC HAKIIAIHBIC PACXOIbI 2.438.00 r
3artpatsl (1) noanc:KalMe KOMIEHCALUH 895.34 t
OcTtatox Ha GaHKOBCKOM Cete (pocCHHCKHE
py6au) cocrapust RUB 247.67. Kypc MHTLI Ha
OCTATOK CPEICTB HA CUCTC 8.66 d 01.04.2000 cocrapssier 28.60 pv6.3a $ 1.
Hasuwucicuusic Haxnaausie * 407.95 u=r

Haxanaanwie PACXOaLI + KomneHcaund 1no

HPSIMBIM 3ATPATAM K BbITLIATE 1,294.63

i

CaKoloMITeHHbIe cpeacTBa fepesayTensl va UCC
OGHast JKOMOMHSI CPEICTB N0 MPOCKTY ** X=0-m-u  |(130110) cooTseTcTBYIOIMUX CTOPOH

* HcnombioBas cacayrowmit pacuer: 35.000.00-33,862.05-730.00 = 407.95. rae 35,000.00 o6maa CTONMOCTE npoem
33,862.05 pacxoasl MpoeKTa 3a Bech nepod. 730.00 - 4acTb CyMMBI HAKAQONbIX PACX0008 , YIKE UCTIONB30BAHHBIX
OKB "daxen" a1 OTIPaBKY IKCIICPUMEHTAIBHBIX 00pa3uoB Kosutadboparopy npoekra 1590.

*x PcanbHo 3x0HOMUM 1O TPockTy Het: (opmyna ISTC F-A8 e yuutsiBaer $ 730.00, a raroxe $ 8.66 (cm: ccpuiky * ‘)




